velopment. This process is impaired in mGluR1 Ϫ/Ϫ mice Thus, endocannabinoid production in PCs can be initi- elimination eventually results in retraction of surplus Our data highlight a signaling mechanism whereby CFs, these results also suggest the existence of a mechactivation of postsynaptic mGluR retrogradely influanism that enables communication from postsynaptic ences presynaptic functions via endocannabinoid mGluR1 to CF terminals. system.
PCs. Our study demonstrates a link via short-lived endo-CF-EPSCs ( Figure 1A ). Bath application of a selective cannabinoid between the postsynaptic group I mGluR group II mGluR agonist, (2S,2ЈR,3ЈR)-2-(2Ј,3Ј-Dicarboxyand the presynaptic cannabinoid receptor, the two macyclopropyl)glycine (DCG IV), also induced reversible jor classes of G protein-coupled receptors in the CNS inhibition of CF-EPSCs associated with a clear increase whose functional interaction has never been conin the paired-pulse ratio ( Figure 1B) . As summarized sidered.
in Figures 1C-1G Figure 1A ). In our recording condi-␣-Cyclopropyl-4-phosphonophenylglycine (CPPG, 300 tions, the depression reached its peak within 90 s as M), significantly reduced the depressant effect of DCG DHPG washed in. In 10 out of 18 PCs, the depression IV ( Figure 1D ). These results confirm that DHPG and DCG persisted at its initial peak level, while in the rest (8/18), IV acted on group I and group II mGluRs, respectively. the depression recovered partially during bath applicaTo determine the locus of inhibition, we recorded tion of DHPG. This DHPG-induced depression was associated with a clear increase in the paired-pulse ratio of quantal CF-EPSCs in the presence of Sr 2ϩ that causes Figure 2B ). In contrast, the frequency of quantal CF-EPSCs was signifidepression, EPSC decay, and coefficient of variation ( Figures 3B and 3C-3F ). These results strongly suggest cantly lower in the presence than in the absence of DHPG ( Figures 2E and 2G Ϫ/Ϫ (n ϭ 8 for DHPG, n ϭ 7 for DCG IV) and mGluR1-rescue mice (n ϭ 7 for DHPG, n ϭ 6 for DCG IV), respectively. For this and the following figures, summary data for the amplitude and paired-pulse ratio are expressed as percent changes relative to the values before agonist application. All experiments were performed blind to mouse genotypes. **p Ͻ 0.01 (t test). EPSC amplitude, 92.6% Ϯ 1.7% of control, n ϭ 6). FurHowever, the DHPG (50 M) induced depression was thermore, the DHPG-induced depression of CF to PC not affected by a selective group II/III mGluR antagonist, transmission was totally abolished by AM281 (Figures CPPG (51.3% Ϯ 9.6% of control in 300 M CPPG; 6A-6D), whereas the DCG VI-induced depression was 54.5% Ϯ 9.7% of control in normal saline, n ϭ 5, p Ͼ unaffected ( Figures 6B-6D ). The similar results were ob-0.05). We then wondered whether ␥-amino butyric acid tained with another specific cannabinoid receptor an-(GABA) released from PCs activates GABAB receptors tagonist, SR141716 (1 M, Figures 6C and 6D Figure 6E , n ϭ 5), which indicates that mGluR1 and the M) caused reversible inhibition of PF-EPSCs (58.1% Ϯ 6.1% of control, n ϭ 6, p Ͻ 0.01, paired t test). In the following cascade were not affected by the cannabinoid receptor antagonists. These results lead us to conclude presence of SR141716 (1 M), DHPG caused no significant change in PF-EPSC amplitudes (129.1% Ϯ that activation of postsynaptic mGluR1 in PCs produces a local retrograde signal that acts on cannabinoid recep-16.0% of control, n ϭ 5, p Ͼ 0.05). Furthermore, DHPG had no effect on PF-EPSCs in mGluR1 Ϫ/Ϫ mice (97.2% Ϯ tors on CFs and PFs and causes presynaptic inhibition. 4.3% of control, n ϭ 8, p Ͼ 0.05). These results strongly suggest that the cannabinoid receptor-mediated preCa (Fig-(Figures 8A-8C ) that was accompanied by a clear change in the paired-pulse ratio ( Figure 8D ) and the ures 9A and 9B). The PF train had no effect on the amplitude of the first spike ( Figure 9A ). In contrast, the ampli-EPSC decay ( Figure 8E ). This PF-induced transient depression was significantly reduced by CPCCOEt (100 tude of depolarization measured at 10 ms from the stimulus was depressed to 72.4% Ϯ 4.2% of control M, n ϭ 5, Figures 8A, 8B, 8D , and 8E) and SR141716 (3 M, n ϭ 7, Figures 8C-8E ), indicating that both just after the PF train ( Figures 9B and 9G , n ϭ 7) and lasted for 55 s ( Figure 9B ). Bath application of CPCCOEt mGluR1 and CB1 are involved in this phenomenon. Thus, a heterosynaptic interaction from PF to CF syn-(100 M) almost eliminated the depression ( Figures 9C,  9D 9G , and 9H; n ϭ 7), although the CF response was apses involving endocannabinoid system is present in PCs.
still significantly depressed just after PF tetanus ( Figures  9C and 9D ). Further addition of SR141716 (3 M) totally We then systematically changed the frequency and stimulus number for PF train. We found that PF train at abolished the depression (Figures 9E-9H ; n ϭ 5). These results clearly indicate that the PF-induced depression 10 Hz can induce small but significant depression when 50 stimulus pulses were applied ( Figure 8F, n ϭ 6) . The of CF response is largely mediated by mGluR1-dependent mechanisms under physiological conditions. The depression became larger with raising frequency, and PF train at 50 Hz and at 100 Hz caused similar extent residual small depression that is blocked by SR141716 appears to be due to Ca 2ϩ -dependent release of endoof depression ( Figure 8F, n ϭ 6) . On the other hand, ten PF stimuli were required to induce significant deprescannabinoids that was triggered by Ca 2ϩ influx during PF tetanus. sion when the frequency was fixed to 100 Hz ( Figure  8G widespread mechanism in the brain through which the activity in postsynaptic neurons can influence the presynaptic functions.
Generation of mGluR1-Rescue Mice mGluR1-rescue mice were generated as described (Ichise et al., 2000) . We generated transgenic mice (L7-mGluR1) that expressed Experimental Procedures rat mGluR1␣ under the control of the PC-specific L7 promoter (Oberdick et al., 1990). We obtained eight independent L7-mGluR1 transElectrophysiological Recording genic founder mice by microinjecting the transgene into the pronuParasagittal cerebellar slices (250 m thick) were prepared from clei of fertilized mGluR1 ϩ/Ϫ eggs. The mGluR1-rescue mice were C57BL/6, mGluR1 Ϫ/Ϫ , or mGluR1-rescue mice aged 8-13 days postobtained by breeding mGluR1 ϩ/Ϫ with the L7-mGluR1 mice. The natally, as described (Kano et al., 1995 experiments in Figure 7 ) or a potassium-based solution (for experiments in Figure 6E ) composed of (in mM) K D-gluconate, 130; KCl, The pipette access resistance was compensated by 70%-80%. The composition of the standard bathing solution was (in mM) NaCl, 10; NaCl, 10; HEPES, 10; EGTA, 0.5; Mg-ATP, 4; and Na-GTP, 0.4 (pH 7.3, adjusted with KOH). Fluorescence images were acquired 125; KCl, 2.5; CaCl 2 , 2; MgSO 4 , 1; NaH 2 PO 4 , 1.25; NaHCO 3 , 26; and glucose, 20; which was bubbled continuously with a mixture of by using either a cooled CCD camera system (IMAGO, T.I.L.L. Photonics, for experiments in Figure 6E ) or a high-speed confocal laser-95% O 2 and 5% CO 2 . Bicuculline (10 M) was included to block spontaneous inhibitory postsynaptic currents. 
